ABSTRACT Objectives: The present study aims to estimate the incidence of preventable infectious diseases or associated symptoms among young children in Bangladesh and also determine the factors affecting these conditions. The study hypothesised that various background characteristics of children as well as their parents influence the incidence of morbidity of children aged below 5 years.
INTRODUCTION
Diarrhoea and acute respiratory infection (ARI) with their associated symptoms such as fever, cough and difficulty in breathing are among the most common forms of childhood morbidity which lead to millions of deaths worldwide each year. No statistics are available on deaths resulting from fever alone; however, in 2010, diarrhoea and ARI as a condition accounted for about 22% of the estimated 7.6 million child deaths globally. 1 2 In addition to mortality, morbidity hinders normal physical growth during childhood, resulting in a higher prevalence of poor nutrition. 3 4 Although Bangladesh has the highest life expectancy and the lowest infant and under five mortality rates in the South Asian region, the incidence of childhood morbidity is still alarming. 2 5 In developing countries, the exposure and response to diseases are conditioned by a multitude of factors associated with the background of children themselves, their parents and the household environment in which they grow up. 6 For instance, risks of ARI and diarrhoea were found to vary by age of children, with younger children experiencing a higher likelihood of these conditions than their older counterparts 7 8 for ARI in Bangladesh and Iraq, respectively, 9 10 and seven for diarrhoea in the Democratic Republic of Congo (DRC), Egypt and Ethiopia, respectively. In Bangladesh, male children generally tend to get preferences in terms of better food, healthcare and treatment facilities, which results in morbidity Strengths and limitations of this study ▪ The data used for the research is one of the largest and most recent nationally representative surveys in the country. ▪ Unlike most other previous studies in the country and elsewhere, this study focuses not just on individual conditions but also on comorbidity. ▪ Given the cross-sectional nature of the data used for the study, seasonal variations in disease episodes are not fully accounted for. ▪ Data from 2011 have been used, but there may have been changes since this date in childhood morbidity. ▪ Estimates on the incidence of morbidity were also based on self-reported responses of mothers.
differentials between male and female children. [11] [12] [13] In Bangladesh and Egypt, urban children receive better health facilities than those who reside in rural areas and consequently are less likely to suffer from infectious diseases. Regional differentials (administrative division) on childhood morbidity in Bangladesh were also observed in previously published studies. 8 14 Parental educational status is observed as a key determining factor in childhood morbidity in developing countries. 10 In Nigeria, children of educated mothers were found to have a lower risk of diarrhoea even if they lived in poor households. 15 Educational attainment of both parents and access to mass media of mother were observed as significant predictors of child morbidity in Bangladesh and elsewhere. 16 17 A number of nongovernmental microcredit organisations provide soft loans and run awareness programmes for marginalised poor women in Bangladesh. The membership status of mothers in such organisations has a positive impact on the health and morbidity of their children; however, their effectiveness in reducing childhood morbidity is not obvious. 13 18 Numerous studies from developing countries have shown that the incidence of diarrhoea varied according to the type of toilet facility used by the households. 7 10 19 A similar relationship was observed in the slum areas of Bangladesh's national capital, Dhaka, where the use of an improved water source and improved sanitation had a significant impact on the incidence of childhood diarrhoea. 16 A study from Nepal concluded that children exposed to passive smoking had a positive but statistically insignificant risk of developing ARI compared with nonpassive smokers. 20 Type of cooking fuels, location of kitchen and household members' smoking habit were important factors for ARI in Bangladesh. 21 In Bangladesh, household's economic affluence showed a significant impact on morbidity of the children. 7 Crowding index, as measured by the number of persons living per room, also showed an association on the exposure to diarrhoea. 10 One of the main limitations of these studies is that, almost always, the studies are exclusively focused on predicting factors associated with a single health condition despite the fact that children in low and middle income countries most often suffer from multiple health problems arising from limited access to health services and a poor household socioeconomic environment in these countries. Hence, in this paper, we specifically focus on comorbidity among young children so that the government of Bangladesh and interested parties are able to use the evidence to design and implement programmes that address exposure to multiple illnesses in the country.
METHOD
The paper uses data from the nationally representative, cross-sectional Bangladesh Demographic and Health survey (BDHS) conducted in 2011. BDHS consists of a sample of households obtained through a two-stage stratified sampling procedure. 22 In the first stage, the country was divided into 20 strata and a sample of 600 Enumeration Areas (EAs, those which are considered as the Primary Sampling Units) were selected independently from each stratum using probability proportional to the size technique as shown in figure 1. In the second stage, an equal probability systematic sampling technique was employed to select 30 households from each of these EAs. Finally, ever-married women aged between 12 and 49 years living in the selected households were approached for interview. This study uses information from 7550 children under the age of 5 years born to women living in these households.
The morbidity data contained in the survey come from the mother's responses to questions on recent episodes of various forms of morbidity. Mothers were asked if their child had fever, cough, short rapid breaths or diarrhoea in the 2 weeks preceding the survey. Combining the diseases into one variable is a challenging task as all the diseases do not share the same set of risk factors. One way to manage the issue is to categorise the data into single disease and also their various combinations. However, modelling variables with a large number of categories introduces more complexity and uncertainties in estimating parameters. Therefore, this study considered a more balanced way by dividing the morbidity variable into three mutually exclusive and collectively exhaustive categories: as those experiencing 'no condition', only 'one condition' and 'multiple conditions'. This approach may consider the severity of the disease and also reduce the parameter uncertainty in fitting models.
Choice of relevant factors associated with incidence of childhood morbidity was guided by previous research and the researchers' own knowledge of the study area. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Most of the variables used in the analysis were based on the original coding. However, a number of variables were obtained as a combination of two or more variables, or by regrouping the levels of individual variables, as discussed below.
Although more than 700 non-government microcredit organisations, including the Grameen Bank, founded by Nobel laureate Muhammad Younis, work in Bangladesh, only a few have a significant number of clients. In this study, we considered the major five (Grameen Bank, ASA, PROSHIKA, BRAAC and BRDB) and mothers were categorised into those who are or are not members of any of these organisations. Mothers were also categorised as those who have (1) or do not have (0) access to any electronic media (radio or television). The variable, toilet facility, was created with various combinations of type of facility (no facility, not improved and improved) and sharing status (shared and not shared). Similarly, the source of drinking water was created with the source ( piped and not piped) and treatment practice (treated and not treated) of drinking water. Type of cooking fuels was categorised as cleaners (Biogas, Natural gas, LPG and electricity) and non-cleaners (otherwise).
The BDHS 2011 data contain an indicator of household wealth status constructed by combining variables related to ownership of household items (ie, televisions and bicycles), dwelling characteristics (source of drinking water, sanitation facilities) and construction materials of the unit in which the household lives. 22 However, the impacts of source of drinking water and type of toilet facility on child morbidity were assessed separately. Hence, to capture the effects of wealth status on morbidity, a new wealth index was created by removing these variables. Thus, a new wealth index restricted the set of items: namely, household possessions (mobile, electricity, radio, television, motorcycles, refrigerator, autobike and autorickshaw), total number of households sharing a water source, location of source of water supply and construction materials (such as floor, roof and wall). Moreover, using the principal component score (created using the aforementioned variables), the households were categorised as poor (lower 31.5%), middle (52.9%) and rich (upper 15.6%) that reflect the of current poor-middle-rich ratios of the country. 23 All in all, 19 variables were captured in the present analysis. Except for the number of people sharing a room and age of the mother at the birth of the child, all explanatory variables were used as categorical. Independent variables with levels and percentage distributions are presented in table 1. In exploring the association between these variables and the incidence of childhood diseases, both bivariate and multivariate approaches were pursued. The multivariate analysis was performed using multinomial logistic regression, a model which is most appropriate for a polytomousdependent variable 24 in a multivariate setting. Analysis on the data was performed using SPSS and R.
RESULTS
Results shown in table 1 suggest that 45.7% of children in Bangladesh experienced at least one episode of ill health in the 2-week period prior to the Survey. This is significantly lower than was observed 5 years previously (49.7%), suggesting an improvement in the health status of children in the country. 22 The results and the associated χ 2 tests shown in the table reveal that the incidence of child morbidity in Bangladesh is significantly associated with age of the child, household wealth status, the educational background of both parents and region and place of residence. Access to improved toilet facility, source of water supply and water treatment practices have also shown a strong association with childhood morbidity status. On the contrary, sex of the child, presence of other children in the household and smoking in the household precinct seemed to have no impact on the incidence of child morbidity in the country. Mother's decision-making roles showed a significant impact on child morbidity but in an unexpected direction. As mentioned earlier, the mothers are the primary carers of Bangladeshi children. Hence, the variable was also considered in the multivariate setting. The other variables were excluded from further consideration. Table 2 shows ORs and their associated CI for each categorical variable included in the multivariate analysis. As can be seen from the table, once the effects of other variables were controlled for, parental education, access to improved sanitation, place of residence, religious affiliation and membership to a credit association all lose their statistical significance. Moreover, the type of cooking fuel used by households, location of kitchen and access to electronic media showed a statistically significant association with childhood morbidity.
Age of the child, sources of drinking water, household wealth status and region of residence showed a significant impact on the incidence of childhood morbidity. Children aged between 0-17 and 18-35 months showed a relatively higher incidence of these conditions compared to their older counterparts. Children belonging to households whose water source was other than pipe and who at the same time did not treat their drinking water were 86.0% (OR=1.860, 95% CI (1.269 to 2.728)) more likely to experience multiple health conditions than those belonging to households who had access to piped water and at the same time treated their drinking water. Similarly, children belonging to households using nontreated and piped drinking water had a 58.3% (OR=1.583, 95% CI (1.051 to 2.382)) higher likelihood of experiencing multiple health conditions than those using treated and piped water. These differences remained significant even when only one condition was considered.
We also found a statistically significant association between incidence of childhood diseases and household wealth status, although the observed difference was statistically significant only for children who suffered multiple conditions. Thus, children belonging to the middle and poor household wealth status category were 34.9% (OR=1.349, 95% CI (1.113 to 1.636)) and 42.5% (OR=1.425, 95% CI (1.130 to 1.796)) more likely to suffer from comorbidity than those from well-off Significance at *p<0.10, **p<0.05, ***p<0.001.
families. No significant difference in childhood morbidity was observed between administrative divisions in the country except for Chittagong division where the incidence of one condition and comorbidity were 47.7% and 38.3% more likely with respect to the reference region, Dhaka.
DISCUSSION AND CONCLUSION
Diarrhoea and ARI with its associated symptoms such as fever, cough and difficulty in breathing are among the most common forms of childhood morbidity, which lead to about one-fifth of child deaths globally. 1 In Bangladesh alone, each year 45.7% of children suffer from these conditions, while about a third of these children are expected to succumb to death due to these conditions every year. This study was conceived with a broad objective of identifying the factors associated with childhood morbidity in the country so that policymakers, development partners and other relevant institutions can make use of the information for programming and planning purposes. To do so, we accessed one of the largest and most recent cross-sectional surveys conducted in the country in 2011. While the sample size of the survey and the presence of a large set of explanatory variables make the data attractive for the intended analysis, use of such data for analysing childhood illnesses, however, is not without limitations. First, given the cross-sectional nature of the source data, no consideration was made to measure seasonal variations in disease episode or their potential impact on the results of this study. The seasonal effects are minimised as the data were collected over a 6-month period covering both wet and dry seasons in the country. Second, our estimates on incidence of morbidity are based on women's self-report and not clinical examinations. However, given the short recall period, the bias is assumed to be minimal. We also assume that these biases are independent of the characteristics of women or of their children. In addition, although the 2011 data used in the study are the most recent data that the country has for such analysis, it is important to note that the current situation with respect to childhood morbidity may be different from what is reported in our study as situations may have changed in the past 4 years.
Within these caveats, we found evidence of a strong effect of age on incidence of morbidity in the country, a result which was consistent with previous studies in Bangladesh as well as in other countries such as DRC, Egypt, Ethiopia and Iraq. 7 9 10 15 19 This may be due to what is commonly known as the 'teething' effect, but specifically related to food supplements in the early stages of weaning that leads to diarrhoea. As reported, diarrhoea pathogens like enterotoxigenic Escherichia coli are commonly transmitted via weaning foods to young children as they get focally contaminated from impure water, unhygienic utensils or food handling. 6 Moreover, as children start to crawl and begin exploring their immediate environment by themselves, they can easily pick up infection, especially if the environment around the house is not clean. However, as children get older, they develop immunity and also learn how to interact better with their surroundings, such as by avoiding unclean areas, and build their immune system, which reflects the decline in incidence of childhood diseases with age.
Incidence of childhood diseases was also observed to vary with household wealth status, although the relationship, as in previous studies, was found to be significant only for multiple than single health conditions. 12 These differentials in rates of diseases by wealth status may be associated with both 'knowledge' and 'income' effects. The knowledge effect may have come from potential differences in childcare practices, such as boiling of drinking water, preparation of weaning foods or personal hygiene. On the contrary, households with better wealth status can also be expected to have the resources to afford better nutrition or live in houses made of better wall, flooring and roofing materials that can provide a comfortable living environment for children and reduce their risk of exposure to childhood diseases.
The analysis also shows that children from Chittagong division had about a 38.3% higher risk of experiencing multiple childhood conditions than those in the reference region, Dhaka division, which may be attributed to the environmental conditions that exist in this part of the country. The port city Chittagong gets heavy traffic each day, which may lead to increased risks of exposing infectious diseases to the children. The huge traffic condition in Chittagong also means that outdoor air pollution and other adverse environmental hazards are likely to be higher in Chittagong, and this in turn may be expected to put children in this region at an elevated risk of respiratory infection and diarrhoea diseases.
As mentioned previously, microcredit programmes in Bangladesh offer collateral-free credit to their members and also provide a package of support services such as essential healthcare, basic education and social awareness 18 to poor people. Hence, in our study, we expected membership in such institutions to have a positive impact on the life of poor women and their children. 25 However, in the context of reducing childhood morbidity, our result did not support this hypothesis, and there are potential reasons for this. First, given the diversity and number of these organisations, it may be the case that not all of them have the same package of services or even different branches of the same organisation treat their clients differently. Moreover, such organisations may be more motivated to loan related activities than the social awareness programmes.
Although parental education has shown an association with childhood morbidity in the bivariate analysis, both maternal and paternal education exhibited no significant association with morbidity once other variables were controlled for. This is similar to previous studies in the DRC 26 and Zimbabwe 27 where maternal education also showed no significant association with childhood morbidity. Yet these studies are contrary to several findings in the literature on the importance of maternal education on child survival. 28 Maternal education may have a greater effect on mortality than morbidity because educated mothers tend to reduce risk of exposure from a contaminated community environment or lack of safe water; however, their knowledge allows them to recognise the disease early and use healthcare facilities more effectively. 27 28 There was also no association between incidence of childhood illness and the sex of the child, which suggests that parents in the survey are more likely to treat all their children in the same way and this may signal a cultural shift in gender equity at least among children in the country.
Hand washing is one of the interventions useful to reduce the incidence of diarrhoea and intra-household and inter-household transmission of influenza, 29 30 and it is therefore vital that future health promotion activities in the country lay emphasis on the importance of this practice. This is also consistent with the finding in this study regarding the importance of water treatment practices in reducing childhood morbidity in the country. However, our finding also suggests that for water treatment practice to be more effective the water itself should be sourced from the pipe. In Bangladesh, only 9% of households had access to piped drinking water. Achieving universal coverage of such source, especially in rural settings, is quite challenging. Integrated policies in promoting hygienic water usage practice through motivation and logistic support can be helpful in reducing the incidence of diarrhoea, even when drinking water is sourced other than pipe. Well-developed awareness programmes involving both Government and nongovernment organisations can help to educate parents regarding hygienic feeding and rearing practices for their children. The programmes may include washing hands, using clean feeding bottles, feeding boiled water and providing an infection-free environment.
